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ELREXWDQRO FDQEH D JRRGELRIXHO FDQGLGDWH WR FRQWULEXWH WR&2 UHGXFWLRQ >±@8VHG DV D GLUHFW VXEVWLWXWH RI
JDVROLQHRUDVDIXHODGGLWLYHELREXWDQRO LVDEHWWHUFDQGLGDWH WKDQELRHWKDQROGXHWR LWVKLJKHUHQHUJ\FRQWHQWDQG
ORZHUWHQGHQF\WRDEVRUEZDWHU>@7KHSURSHUWLHVRIJDVROLQHELREXWDQROPL[WXUHVDUHYHU\LPSRUWDQWEHFDXVH
WKH\LQIOXHQFHSURGXFWLRQWUDQVSRUWDWLRQDQGGLVWULEXWLRQSURFHVVHVDVZHOODVDOOSURFHVVHVRFFXUULQJLQWKHLQWHUQDO
FRPEXVWLRQHQJLQH7RWKHEHVWRIRXUNQRZOHGJHWKHUHDUHQRWPDQ\VWXGLHVUHJDUGLQJJDVROLQHEXWDQROEOHQGVDQG
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 WR . IRU
GHQVLW\ DQG YLVFRVLW\ DQG DW  . IRU UHIUDFWLYH LQGH[ %DVHG RQ H[SHULPHQWDO GDWD WKH DFFXUDF\ RI VRPH
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SXEOLVKHGEHIRUH
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([SHULPHQWDO
2.1. Experimental set-up 
1%XWDQROZDV SXUFKDVHG IURP&KLPRSDU&RPSDQ\ PDVV IUDFWLRQ !  JDVROLQHZDV VXSSOLHG E\ D ORFDO
FRPSDQ\6RPHSURSHUWLHVRIJDVROLQHDQGQEXWDQRODUHSUHVHQWHGLQ7DEOH)LYHELQDU\PL[WXUHVZHUHSUHSDUHG
IURPWKHWZRFRQVWLWXHQWVE\ZHLJKLQJDQGPDVVIUDFWLRQRIJDVROLQHXVLQJ
D.HUQDQDO\WLFDOEDODQFH$%-W\SHZLWKDSUHFLVLRQRI[J7KHYROXPHRIWKHWZRFRQVWLWXHQWVIURPHDFK
VDPSOHKDVEHHQPHDVXUHGZLWKDSUHFLVLRQSLSHWWHFPEHIRUHZHLJKLQJ&DXWLRQDU\PHDVXUHVZHUHWDNHQ
WR DYRLG H[SRVXUH WR DLU DQGHYDSRUDWLRQ7KH VDPSOHVZHUHNHSW LQ WLJKWO\ FORVHGERWWOHV ,QRUGHU WR HQVXUH WKH
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KRPRJHQHLW\RIWKHPL[WXUHVWKHVDPSOHVZHUHPL[HGIRUPLQXWHVE\DPDJQHWLFVWLUUHUEHIRUHWKHH[SHULPHQWDO
PHDVXUHPHQWRIGHQVLW\YLVFRVLW\DQGUHIUDFWLYHLQGH['HQVLW\DQGYLVFRVLW\RIELQDU\PL[WXUHVZHUHPHDVXUHGDW
DWPRVSKHULFSUHVVXUHXVLQJDQ$QWRQ3DDU690YLVFRPHWHUZKLFKLVHTXLSSHGZLWKDYLEUDWLQJ8WXEHGHQVLW\
PHDVXUHPHQWFHOODQGDURWDWLRQDOYLVFRPHWHUFHOO
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7KHWHPSHUDWXUHRIWKHVDPSOHVZDVPDLQWDLQHGFRQVWDQWZLWKLQ.XVLQJDEXLOWLQ3HOWLHUWKHUPRVWDW7KH
SUHFLVLRQRIGHQVLW\PHDVXUHPHQWVZDVJFPDQGWKHSUHFLVLRQRIYLVFRVLW\PHDVXUHPHQWVZDV
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0HDVXUHPHQWVRI WKH UHIUDFWLYH LQGH[ZHUH FRQGXFWHGZLWK DQ$%%(UHIUDFWLYH LQGH[ LQVWUXPHQW$WDJR7 W\SH
FRXSOHGZLWKDWKHUPRVWDWLFEDWK7KHSUHFLVLRQRIUHIUDFWLYHLQGH[PHDVXUHPHQWZDV[DQGWKHWKHUPRVWDWHG
EDWK KDG DQ DFFXUDF\ RI .7KHPHDVXUHPHQWVZHUH FDUULHG RXW IURP . WR . DW  GHJUHHV
LQWHUYDOVIRUGHQVLW\DQGYLVFRVLW\DQGDW.IRUUHIUDFWLYHLQGH[
2.2. Data processing 
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)LJ([SHULPHQWDOUHVXOWVRIGHQVLW\DYLVFRVLW\EDQGUHIUDFWLYHLQGH[F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ZJDVROLQHEXWDQROZPL[WXUHVYHUVXVFRPSRVLWLRQ
7KHGLIIHUHQFHLQYLVFRVLW\RIWKHDOFRKRODQGJDVROLQHLVJUHDWHUWKDQLQWKHFDVHRIGHQVLW\)URP)LJLWFDQEH
REVHUYHGWKHGHFUHDVHRIWKHGHQVLW\DQGYLVFRVLW\RIWKHPL[WXUHVZLWKWKHLQFUHDVLQJFRQWHQWRIJDVROLQHZKLOHWKH
UHIUDFWLYH LQGH[ LQFUHDVHV 7KH YLVFRVLW\ GHFUHDVLQJ UDWH ZLWK DOFRKRO FRQWHQW GHFUHDVLQJ LQ WKHPL[WXUH LV PRUH
LPSRUWDQW7KHGHQVLW\ DQGYLVFRVLW\RI WKHPL[WXUHGHFUHDVHZLWK WHPSHUDWXUH LQFUHDVLQJ ,W FDQEHREVHUYHG WKH
QRQOLQHDUGHSHQGHQFHRIWKHYLVFRVLW\RQWHPSHUDWXUH
8VLQJOHDVWVTXDUHUHJUHVVLRQDQDO\VLVWKHYDOXHVRIWKHDGMXVWDEOHSDUDPHWHUVIURP(T±IRUJDVROLQH
EXWDQROPL[WXUHVZHUHGHWHUPLQHGEDVHGRQH[SHULPHQWDOGDWD7DEOHSUHVHQWVWKHYDOXHVRIDGMXVWDEOHSDUDPHWHUV
DQGRI$$'IRUGHQVLW\YLVFRVLW\DQGUHVSHFWLYHO\UHIUDFWLYHLQGH[FDOFXODWLRQIRUGLIIHUHQWPL[WXUHFRPSRVLWLRQV
DWDIL[HGWHPSHUDWXUH7KHVPDOOYDOXHVRI$$'FRUUHVSRQGLQJWRGHQVLW\DQGUHIUDFWLYHLQGH[FDOFXODWLRQZLWK(TV
 DQG  UHVSHFWLYHO\ FDQEHREVHUYHG LQGLFDWLQJ DJRRGDFFXUDF\RI WKHVH HTXDWLRQV DQG WKH UHODWLYHO\JRRG
SUHFLVLRQRIYLVFRVLW\HVWLPDWLRQZKHQXVLQJ(T$$'OHVVWKDQ
9DOXHVRIDGMXVWDEOHSDUDPHWHUVDQG$$'IRUJDVROLQHQEXWDQROPL[WXUHGHQVLW\DQGYLVFRVLW\FDOFXODWLRQDW
GLIIHUHQW WHPSHUDWXUHVZLWK(T DQG(T  UHVSHFWLYHO\DUHSUHVHQWHG LQ7DEOH ,W LVREVHUYHG WKDWGHQVLW\
H[SHULPHQWDOGDWDRIJDVROLQHQ EXWDQROPL[WXUHVDUHZHOOFRUUHODWHGE\D OLQHDUHTXDWLRQ (T ZKLOH WKH
YLVFRVLW\GDWDDUHZHOOFRUUHODWHGE\DQH[SRQHQWLDOHTXDWLRQ(T
%DVHGRQUHODWLYHO\VPDOO$$'VWKHVHWZRHTXDWLRQVFDQEHUHFRPPHQGHGIRUGHQVLW\DQGUHVSHFWLYHO\YLVFRVLW\
FDOFXODWLRQDWGLIIHUHQWWHPSHUDWXUHVLQWKHUDQJHRIWR.IRUJDVROLQHQEXWDQROPL[WXUH
'HYLDWLRQ LQYLVFRVLW\DQGGHYLDWLRQ LQ UHIUDFWLYH LQGH[ UHVSHFWLYHO\FKDUDFWHUL]HV WKHGLIIHUHQFHEHWZHHQUHDO
DQGLGHDOEHKDYLRURIDOLTXLGPL[WXUHDQGDUHXVHIXOWRXQGHUVWDQGWKHPL[LQJSURFHVV'HYLDWLRQLQYLVFRVLW\DQG
GHYLDWLRQLQUHIUDFWLYHLQGH[UHVSHFWLYHO\KDYHEHHQFDOFXODWHGIURPWKHH[SHULPHQWDOSURSHUW\RIWKHPL[WXUHDQG
RIWKHSXUHFRPSRQHQWVXVLQJWKHIROORZLQJHTXDWLRQ

  KK zzYY  '  

ZKHUH]DQG]UHSUHVHQWUHVSHFWLYHO\WKHPDVVIUDFWLRQZLWKUHVSHFWWRǻ݅DQGYROXPHIUDFWLRQLQFDVHRIǻQ'
7KHVHYDOXHVRIǻ݅DQGǻQ'ZHUHILWWHGWRWKH5HGOLFK.LVWHUSRO\QRPLDOHTXDWLRQ

     > @ zzAzzAzzAAzzY  '  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
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7DEOH9DOXHVRIDGMXVWDEOHSDUDPHWHUVDQG$$'IRUJDVROLQHEXWDQROPL[WXUHGHQVLW\(TYLVFRVLW\(TDQGUHIUDFWLYHLQGH[
(TFDOFXODWLRQDWDIL[HGWHPSHUDWXUHLQWKHUDQJHRI.WR.
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(T 7HPSHUDWXUH.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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